Introduction
Lithium has been used in medicine since the 1860s [1] . For many years, lithium was used as an efficient drug in treating manic episode of bipolar affective disorder [2] [3] [4] [5] . Multiple mechanisms of lithium have been described [5, 6] .
Lithium is very quickly resorbed from the gastrointestinal tract and quickly diffuses to liver and kidneys. Approximately, 60-70% is absorbed in proximal tubules, while there is doubt about reabsorption in distal tubules [7, 8] . Studies suggest it is reabsorbed in proximal tubules with the same transporter as Na+; which is why lithium is being reabsorbed much more in case of hyponatremia, which can lead to intoxication. Quite opposite occurs with hypernatremia.
In a mechanism of toxic action, lithium competes with sodium, potassium, magnesium, and calcium, replacing them in intercellular and bone environments, and it also affects neurotransmission [5, 7, 9] .
The greatest number of lithium toxicity is the consequence of long-lasting therapy [3] . Symptoms of toxicity develop slowly. There is, so called, prodromal stadium which lasts up to 7 days and can be manifested by vomiting, diarrhea, sleepiness, rough tremor and muscle spasms, lethargy, tinnitus, unclear speech, nystagmus, and in more severe cases polyuria and polydipsia. The occurrence of these symptoms is somewhat correlated with lithium concentration in serum [1] but every increase of lithium in serum above therapeutically defined values leads to toxic phenomenon. Symptoms associated with serum levels of 1.2-2.0 mmol are usual mild and seldom cause death or persistent neurological deficit while there are information that lithium level more than 1.5 mmol may be toxic [5] .
Complete clinical manifestation of lithium toxicity is characterized by few syndromes and the most significant ones are expressed in the central nervous system, cardiovascular system and kidneys [7, 10, 11] . Since lithium does not bond to plasma proteins and considering its low molecular weight, hemodialysis leads to quick decrease of serum concentration giving false picture of rapid drug elimination. Unfortunately, due to fast redistribution, after hemodialysis, plasma values almost reach the level before dialysis and often require re-dialysis. It is also determined that the rebound-effect and sudden leaps of lithium concentration occur after hemodialysis [1, 12, 13] . Hemodialysis is the treatment of choice for rapid removal of lithium from the body, especially in cases of toxicity with higher lithium levels [14] .
This case illustrates some of the factors that lead to lithium toxicity as well as the need to consider lithium toxicity to the differential diagnosis of a patient presenting with renal insufficiency with or without change in mental status and neurologic symptoms.
Case report
Male MN, 63 years old, has reported to Emergency department of the Clinical Center due to sleepiness, psychomotor slowness, exhaustion, oliguria.
At the admission, the patient was conscious, oriented, afebrile and obese, with slowed moves and less visible excoriations and burns on his face and lower limbs. Auscultation presented with diffusely atonic respiratory noise with prolonged exhalation. Cardiovascular examination revealed rhythmic heart action; tones were silent, with audible precordial systolic noise. Abdomen was palpatory insensitive. Blood pressure was 120/80 mmHg. ECG shows sinus rhythm (76-80 beats/min) without a change in final oscillation.
Radiographic exam of lungs and heart shows normal findings. Ultrasound exam of urinal tract and CT scan showed normal findings.
On the day of admission laboratory values of urea up to 23.2 mmol/L (normal: 3.0-8.0), creatinine 561 µmol/L (normal: 49-106), sodium 157 mmol/L (normal: 137-147), potassium 5.3 mmol/L (normal: 3.8-6.1) and blood glucose 4.7 mmol/L (normal: 3.8-6.1), pO2 7.6 kPa (10.7-13.3), pCO2 5.9 kPa (4.7-6.0), oxygen saturation 88 % (95-98%), pH 7.25 (7.35-7.45), base excess (BE) mmol/L -13( (-3)-(+3) ), lactate 4.8 (0.5-2.2) mmol/L. Symptomatic therapy and intensive electrolytic status correction were started immediately after admission with iv saline and furosemide.
By continuous laboratory monitoring during the next 3 days, the values of laboratory analysis which show development of acute renal insufficiency (urea 30.7 mmol/L, creatinine 850 µmol/L, potassium 6.7 mmol/L, sodium 183 mmol/L). In the meantime, patient appeared to be confused and deep somnolent as well as facial and both wrist swellings which were followed by neurological extrapyramidal symptomatology.
After admission, we obtained some important data about medical history of this patient. We got data that he had sudden loss of conscience while burning down some hay on his countryside household, 2 days before admission-after which the listed difficulties have occurred. We also found out that he had a diabetes mellitus for 7 years and he was on oral antidiabetics (metformin 2000 mg per day). The patient was taking tablets of Lithium carbonate in dose of 900 mg per day for several years back. He did not control plasma level of lithium. Also, he was regularly taking tablets of Maprotiline in dose of 125 mg per day and tablets of Haloperidol in dose of 4 mg per day. No data about course of psychiatric illness because patient was treated in different psychiatric institutions. All medication mentioned was stopped after admission.
Simultaneously, due to the doubt of lithium toxicity, patient's blood was taken for determining lithium concentration. The patient's lithium level at the third day was 1.46 mmol/L (therapeutic blood level 0.4 to 1.2 mmol/L). We did not check lithium level as a routine analysis so we assumed that lithium level was higher at the time of admission.
Although there was electrolyte disbalance correction achieved to some level this patient was prepared for active depuration which was started instantly. With everyday hemodialysis patient's state of mind improved and we achieved appropriate further fall of values of nitrogen substances in serum. The total of 10 hemodialysis in 10 consecutive days (each hemodialysis lasted 2 hours) was conducted in standard procedure for treating acute renal insufficiency. By following values of lithium concentration in blood, these levels were registered: after fifth hemodialysis 1.17 mmol/L and after 10th it was in range of reference values. Complete recovery of renal function with normal diuresis and artery tension values was verified in laboratory.
The patient was discharged from the hospital after 17 days with urea and creatinine values within normal range. Seven days after discharged, he was also in a good general state and still without psychiatric therapy introduced.
Discussion
Acute lithium toxicity most frequently occurs during its chronic use due to the overdose or too large dose of the drug given to the person with renal failure/disorder. Sometimes it happens in patients on Lithium with lack of sodium (fever, diet, diuretic use, dehydration).
Following factors are listed as significant in lithium intoxication/ toxicity: predisposition, drug interaction [15] , nephrogenic diabetes insipidus, age above 50 years, thyroid dysfunction, creatinine clearance under usual values [16] and concomitant medication [15] . In patients treated with lithium, medical conditions that may lead to renal impairment and decrease the glomerular filtration rate also increase the risk of lithium toxicity. These conditions include aging, hypertension, diabetes mellitus, congestive heart failure, and chronic renal failure [14] .
Described development of clinical manifestation of our patient went in favor of slow prodromal symptom occurrence characteristic for lithium toxicity. Severity of chronic lithium toxicity in this case was provoked by hemoconcentration arisen from dehydration (exposure to hot air and insolation for 4 hours). Although lithium concentration in our patient was not greater than 2 mmol/L (which is absolute indication for hemodialysis), we were guided by expressed clinical manifestation of this toxicity in two clinical syndromes: on central nervous system and kidneys.
The patient was also on combined psychiatric therapy with tricyclic antidepressant and neuroleptic along with lithium, which is also considered as one of additional factors [18] . Namely, it is known that antipsychotic haloperidol can increase toxicity of lithium [15] even with normal lithium values in serum, while on the other hand, lithium increases pharmacologic effects of tricyclic antidepressants [4] .
One of reasons for acute renal insufficiency in this case was delayed lithium elimination. Hemoconcentration arisen from dehydration with sodium level of 157 mmol/L and 183 mmol/L contributed to lithium delayed elimination. At the admission, we did not have information about diabetes nephropathy in this case or some other renal preexisting condition but Diabetes mellitus is one of medical conditions that may lead to renal impairment and increase the risk of lithium toxicity also [14] . We did not start hemodialysis from the first day because intensive electrolytic status correction with iv saline and furosemide improved dieresis from 30 ml/hour to more than 50 ml/hour on the second day as well as there was no hyperkaliemia. Decision about hemodialysis was made on third day when we got lithium level as well as progressive increase in serum creatinine and blood urea level was registered.
Effectiveness of hemodialysis in therapy of serious acute lithium intoxication was confirmed in many studies [19] [20] [21] [22] [23] . However, toxic symptoms do not always correlate with plasma concentrations [24] . There is some correlation between Li serum levels and the severity of symptoms of intoxication [1] . There are various recommendations which refer to usage of hemodialysis in cases of various levels of drug in blood [13, 25, 26] . Certain number of authors does not recommend use of hemodialysis in cases when lithium concentration is above 4 mmol/L [27, 28] . The decision to undertake a hemodialysis should be made some 8-12 h after admission and should be based on the patient's clinical condition, the serum lithium level and the spontaneous lithium kinetics [20, [27] [28] [29] .
Patient described in this case is a good example of possible difficulties in choosing the optimal treatment. Patient was on lithium therapy for several years; had no significantly increased level of lithium in serum, but was manifesting symptoms of toxicity (Naranjo Scale score 5 (5-8 = probable ADR) [30] . Severity in this case was provoked by hemoconcentration due to dehydration. Despite the fact that level of drug was 1.46 mmol/L, we decided for hemodailysis due to the clinical manifestation of poisoning expressed by two organs: kidneys and CNS. Diabetes mellitus is surely significant factor that contributed to acute renal insufficiency, as well as combination of lithium and tetracyclic antidepressant and antipsychotic.
Conclusion
The extensive differential diagnosis of a patient presenting with change in mental status and neurologic symptoms should include lithium toxicity. After lithium toxicity is confirmed, management depends on the lithium level as well as the clinical presentation. Hemodialysis is the treatment of choice for severe lithium intoxication but we still don't have sharp criteria when.
By respecting the principle that we should treat the patient, and not the level of lithemia, we contributed to the successful treatment, without sequelae.
